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Residential Heat Pump 
Water Heaters
Energy-Saving Alternative for Home Hot Water

Residential heat pump water heaters
(HPWHs) are an energy-efficient way to
heat domestic hot water.  Although cur-
rently only a small portion of the residen-
tial water heater market, the technology
has been implemented effectively in the
Federal sector in Hawaii and other Pacific
islands and demonstrates some potential
for increased Federal use at military bases
and other Federal sites that include 
residential housing.  

This Federal Technology Alert (FTA),
one of a series on new technologies,
describes the theory of operation, field 
experience (savings and reliability), range
of application, and how to evaluate the
HPWH technology for a particular use.

Energy-Saving Mechanism
The HPWH provides an energy-saving

alternative to electric resistance water
heaters.  The technology works on the
basis of heat transfer, removing heat 
energy from a source such as room air and
transferring the heat to water stored in a
hot-water tank.  Because less energy is
needed to move heat than to create it, the
effective water-heating efficiency of the
HPWH system is greater than 100%. 

HPWHs are available both as retrofit
units for existing electric hot-water tanks
and as stand-alone units that completely
replace an existing hot-water heater.  Vari-
ations in design depend on the configura-
tion of heat pump unit and storage tank
and on whether the heat is extracted from
inside the residence (ambient-air systems)
or from exhaust ventilation air (exhaust-air
systems).  In general, ambient-air systems
are better suited for warm climates.
Exhaust-air systems are better suited for
cool climates, particularly when mechani-
cal ventilation is required.  Both types of
residential HPWH units are wired with
electrical resistance backup heating units.

By heating water more efficiently,
HPWHs reduce water-heating energy cost.
In addition, ambient-air HPWHs can help
meet air-conditioning loads; they extract
heat from the air and they continually
exhaust cool air as a by-product.  This cool
air can help reduce air-conditioning costs.
In addition, HPWH units draw signifi-
cantly less power than electric resistance
water heaters, which may help in reducing
electrical demand for some sites.  

Despite the potential for high energy
savings, payback periods for HPWH
installations vary widely, and potential
applications should be studied carefully 
with an understanding of the energy-
saving mechanisms and the potential effect
of HPWH operation on other household
energy demands.

Technology Selection
Heat pump water heaters are one of 

many energy-saving technologies to
emerge in the last 20 years.  The FTA
series targets technologies that appear to
have significant untapped Federal-sector
potential and for which some Federal
installation experience exists.  New 



technologies were identified through
advertisements for technology suggestions
in the Commerce Business Daily and trade
journals, and through direct correspon-
dence.  Numerous responses were
obtained from manufacturers, utilities,
trade associations, research institutions,
Federal sites, and other interested parties.  

Technologies suggested were evaluated
in terms of potential energy, cost, and 
environmental benefits to the Federal 
sector.  They were also categorized as
those that are just coming to market and
those for which field data already exist.
Technologies classified as just coming to
market are considered for field demonstra-
tion through the U.S. Department of
Energy’s Federal Energy Management
Program (FEMP) and industry partner-
ships.  Technologies for which some field
data already exist are considered as topics
for FTAs.  Residential heat pump water
heating technology was found to have 
significant potential for Federal-sector
savings and to have demonstrated energy-
saving field performance.

Potential
Analysis of Federal residential facilities

indicates there is yet untapped energy con-
servation potential in the Federal sector
that could be met through the residential
HPWH technology.  Relatively high first
costs and maintenance costs and relatively
low energy costs throughout the Federal
sector currently limit cost-effective appli-
cations of the technology.  In addition,
negative prior experience with early resid-
ential HPWH installations at Federal sites
will be difficult for manufacturers to over-
come.  The technology will be most 
welcome in areas where natural gas is not
available, where electrical energy prices
are high, and where space heating energy
requirements are low, either because of hot
and humid climates or through the use of
space heating heat pumps in milder 
climates.

Application
Qualitative field testing and theoretical

analyses have shown HPWH technology
to be technically valid and economically
attractive for selected sites.  However,
several issues should be addressed 
by anyone planning to install HPWH units,
including: identification of the appropriate
HPWH design for the intended applica-
tion, avoidance of locations where freez-
ing could harm the system, determining
the optimal use of available cooling, and
determining whether there is available and
adequately vented space for the HPWH
and possible increased storage tank size.

Residential HPWHs are most appli-
cable under the following conditions:

• where electricity rates are high and
gas rates are high or gas is not
available

• in residences where the estimated
hot water use is high

• in warm climates where space 
cooling is important 

• in mild/cool climates where there is
a need for mechanical ventilation.

Use of HPWHs should probably be
avoided in the following circumstances:

• where water heater consumption 
is low (such as in small residential
units or those with high rates of 
vacancy)  

• in mild/cool climates where electric
resistance heat is used for space heat
(ambient-air systems only).

Costs for residential HPWHs vary 
from $600 to over $2,000.  In addition,
installation costs for HPWHs range from
$300 to $700 a unit.  Anyone contemplat-
ing installation of HPWH units should
check with local suppliers and/or installers
and with regional utility companies for 
information about availability, warranties
and incentive programs that may help
reduce first costs for residential 
HPWH systems.  

Technology Performance
The energy savings potential of 

residential HPWHs has been documented
by numerous field tests, with measured
efficiencies that are highly dependent on
site and equipment. In general, most 
residential HPWHs can be expected to
heat water at between two and three times
the efficiency of a electric resistance water
heater.  However, since some HPWH
designs draw on the warm room air for a
heat source, the effect on space heating or
cooling loads must be calculated in 
determining cost-effectiveness.

Maintenance costs for residential 
HPWHs are significantly higher than for
other water heating technologies.  Experi-
ence at bases that use HPWHs suggests
that two hours per year should be expected
for preventative maintenance activities.  In
addition, typical in-service life spans have
in the past been lower than manufacturers’
expectations, often because of faulty
installation or component failure.  Mainte-
nance costs beyond preventative mainte-
nance are largely unknown for the newest
generation of HPWHs.

Case Study
A hypothetical case study from a 

military base in central California was
developed to illustrate the process for 
determining the cost-effectiveness of 
residential HPWHs.   The implementation
of ambient-air HPWHs was evaluated for
residential housing with an average of 
3.3 persons per residence.  At $0.059/kWh
and $7.85/kW-mo demand, the energy
costs were high for the Federal sector.

The HPWHs considered were add-ons
to existing electric resistance water tanks.
It was assumed that the existing water
heaters had an energy factor of 0.85.  The
existing water tank sizes varied between
40 and 52 gallons   An installed cost of
$985 for each HPWH was assumed.
Because the storage tanks were somewhat
small, an estimate of the amount of backup
electric resistance heat was made, reducing
the effective energy factor of the HPWH
analyzed to 2.52, down from the rated
energy factor of 2.61.

Annual maintenance costs for the
HPWH were estimated to be $30/resi-
dence.  The HPWH life was conserva-
tively estimated at 10 years.  Life-cycle
costs for the electric resistance heat alter-
native and the HPWH alternative were
calculated using the NIST Building Life
Cycle Cost (BLCC) program.  

The HPWH in the above example was
not cost-effective.  However, examples of
cost-effective applications in other 
locations were demonstrated using energy
costs typical for large Federal sites near
those locations.

Outlook
The major barriers to implementation 

of this technology in the Federal sector 
are high first cost, high maintenance
requirements, and relatively low electrical
energy costs.  Unless Federal rulemaking
mandates the use of HPWHs in all residen-
tial electric water heater applications in the
near future, significant Federal use of
HPWHs will probably require the develop-
ment and field testing of low-cost, low-
maintenance HPWH models to demon-
strate that the technology has matured and
can be cost-effective.  Until that occurs,
significant use of residential HPWHs in
the Federal sector will probably be limited
to the few southern U.S. and Island 
locations where a combination of high
energy costs and low space heating
requirements have made HPWHs cost-
effective in the private sector.

Federal energy managers who are fami-
liar with HPWH systems are listed in this
FTA.  The reader is invited to ask ques-
tions and learn more about the technology.
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Strategic Environmental
R&D Program

The Federal Government is the largest energy consumer in the nation.  Annu-
ally, in its 500,000 buildings and 8,000 locations worldwide, it uses nearly
two quadrillion Btu (quads) of energy, costing over $11 billion.  This repre-
sents 2.5% of all primary energy consumption in the United States.  The
Federal Energy Management Program was established in 1974 to provide
direction, guidance, and assistance to Federal agencies in planning and 
implementing energy management programs that will improve the energy
efficiency and fuel flexibility of the Federal infrastructure.

Over the years several Federal laws and Executive Orders have shaped
FEMP's mission.  These include the Energy Policy and Conservation Act of
1975; the National Energy Conservation and Policy Act of 1978; the Federal
Energy Management Improvement Act of 1988; and, most recently, Executive
Order 12759 in 1991, the National Energy Policy Act of 1992 (EPACT), and
Executive Order 12902 in 1994.

FEMP is currently involved in a wide range of energy-assessment activities,
including conducting New Technology Demonstrations, to hasten the penetra-
tion of energy-efficient technologies into the Federal marketplace.

Federal Energy Management Program

The Strategic Environmental Research
and Development Program, SERDP, co-
sponsor of these Federal Technology
Alerts, was created by the National
Defense Authorization Act of 1990
(Public Law 101-510).  SERDP's primary
purpose is to "address environmental
matters of concern to the Department of
Defense and the Department of Energy
through support for basic and applied
research and development of technolo-
gies that can enhance the capabilities of
the departments to meet their environ-
mental obligations."  In 1993, SERDP
made available additional funds to 
augment those of FEMP, for the purpose
of new technology installations and 
evaluations.

About the Federal Technology Alerts
The Energy Policy Act of 1992, and

subsequent Executive Orders, mandate
that energy consumption in the Federal
sector be reduced by 30% from 1985
levels by the year 2005.  To achieve
this goal, the U.S. Department of
Energy’s Federal Energy Management
Program (FEMP) is sponsoring a
series of programs to reduce energy
consumption at Federal installations
nationwide.  One of these programs,
the New Technology Demonstration
Program (NTDP), is tasked to acceler-
ate the introduction of new energy-
saving technologies into the Federal
sector and to improve the rate of 
technology transfer.

As part of this effort, FEMP, in a
joint venture with the Department of
Defense’s Strategic Environmental
Research and Development Program
(SERDP), is sponsoring a series of
Federal Technology Alerts (FTAs) that
provide summary information on 
candidate energy-saving technologies
developed and manufactured in the
United States.  The technologies 
featured in the Technology Alerts have

already entered the market and have
some experience but are not in general
use in the Federal sector.  Based on
their potential for energy, cost, and 
environmental benefits to the Federal
sector, the technologies are considered
to be leading candidates for immediate
Federal application.

The goal of the Technology Alerts 
is to improve the rate of technology
transfer of new energy-saving tech-
nologies within the Federal sector and
to provide the right people in the field
with accurate, up-to-date information
on the new technologies so that they
can make educated judgments on
whether the technologies are suitable
for their Federal sites.

Because the Technology Alerts are
cost-effective and timely to produce
(compared with awaiting the results 
of field demonstrations), they meet 
the short-term need of disseminating
information to a target audience in a
timeframe that allows the rapid
deployment of the technologies—and
ultimately the saving of energy in the
Federal sector.

The information in the Technology
Alerts typically includes a description
of the candidate technology; the
results of its screening tests; a descrip-
tion of its performance, applications
and field experience to date; a list of
potential suppliers; and important 
contact information.  Attached appen-
dixes provide supplemental informa-
tion and example worksheets on the
technology.

FEMP sponsors publication of the
Federal Technology Alerts to facilitate
information-sharing between manufac-
turers and government staff.  While
the technology featured promises sig-
nificant Federal-sector savings, the
Technology Alerts do not constitute
FEMP’s endorsement of a particular
product, as FEMP has not indepen-
dently verified performance data 
provided by manufacturers.  FEMP
encourages interested Federal energy
and facility managers to contact the
manufacturers and other Federal sites
directly, and to use the worksheets in
the Technology Alerts to aid in their
purchasing decisions.



For More Information

Federal Energy Management Program
Help Line: (800) 566-2877

General Contacts

Ted Collins
New Technology Demonstration Program 
Program Manager
Federal Energy Management Program
U.S. Department of Energy
1000 Independence Avenue, SW, EE-92
Washington, DC 20585
(202) 586-8017
Fax: (202) 586-3000
theodore.collins@hq.doe.gov

Steven A. Parker
Pacific Northwest National Laboratory
P.O. Box 999, MSIN: K5-08
Richland, Washington 99352
(509) 375-6366
Fax: (509) 375-3614
steven.parker@pnl.gov 

Technical Contact

David W. Winiarski
Pacific Northwest National Laboratory
P.O. Box 999, MSIN: K5-08
Richland, Washington 99352
(509) 375-4461
Fax: (509) 375-3614
david.winiarski@pnl.gov
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